Agriculture is one of the deciding factors of Indian economy, contributing almost 17% of the total GDP. Every year, crops are lost due to natural disasters. This academic research may provide a solution for a longstanding problem in the industry. Crop insurance is one of the most effective ways to not only compensate loss, but also to increase poor farmers' resilience. Remote sensing has huge potential in the crop insurance market; it can be exploited for vulnerability mapping, damage assessment, risk mapping, and various other aspects. The purpose of this study was to present a method for evaluating crop vulnerability over an area using remote sensing and Geographic Information System (GIS), followed by an assessment of crops damaged due to flood. For application purposes, a crop risk map was prepared from a GIS model for the determination of crop insurance parameters. The study area selected (i.e., the Morigaon and Nagaon districts of Assam) is very much flood-prone. The districts have almost 50% agricultural land of the total land cover, thus making the crops very vulnerable to recurrent flooding. For this study, assessment of damage to crops due to flood was performed for a full year, followed by crop risk map generation from the GIS model. The results revealed that 345 km 2 of land was inundated by flood in August 2016. Due to the flooding, 1435.08 km 2 of agricultural land bearing crops was damaged at different levels. The crop risk map depicts 103.33 km 2 of cropland at high risk due to flood.
Introduction
Agriculture is an important part of India's economy. At present India is among the top two farm producers in the world, providing approximately 52% of the total job prospects in India and 17% of the total GDP of the Indian economy [1] . The agricultural sector of India has occupied almost 60.4% of India's geographical area showing significant growth from 58.8% in the year 1961 to 60.4% in the year 2015 (World Bank, Agricultural land [% of land area]) [2] .
India had a total land cover of 1,797,210 km 2 of agriculture in 2015 (World Bank, Agricultural land, km 2 ) [3] which increased over the years since 1961 (1,749,520 km 2 ). Most Indians are directly or indirectly dependent on agriculture, with some are being directly attached to farming and others being involved in business with the agricultural goods and to boost the agriculture of India and provide maximum food security, the government needs to provide support in the form of land, bank loans and machinery for the small and big farmers. With such support we can expect some improvement in Indian economy [4] . The government can also help boost the agricultural sector by providing crop insurance.
Crop insurance [5] : Refers to insurance for farmers and crop producers against loss of crops due to natural disasters, such as hail drought, floods and cyclones. There are two types of crop insurance:
Crop-yield insurance-Protects the expected revenue due to insufficient yields, which is the volume of a crop's harvest. Crop-revenue insurance-Covers expected revenue from loss owing to market fluctuations of crop selling prices.
In recent years in India, there has been a progressive agenda for crop insurance and increasing the agricultural yield. On October 25th 2016, the NITI Aayog [6] Task Force on Use of Technologies for Agriculture Insurance, discussed how best to imply satellite and UAV remote sensing for agriculture insurance.
Seeking out academic research for solutions to industry concerns can prove beneficial and effective. Lack of crop insurance has been a prevailing problem that can be efficiently handled by means of remote sensing. Global insurance markets are vast and diverse, and may offer many opportunities for remote sensing [7] . Remote sensing has made substantial contribution in flood monitoring and damage assessment that leads the disaster management authorities to contribute significantly [8] . Remote sensing provides the best means to estimate the damage resulting from a disaster because its accumulated findings are available [9, 10] . At present, the extent of the damage in a region is estimated based on several sampling surveys conducted in that area. However, a more accurate estimation of the damage cannot be obtained by ground based methods alone. Landsat and other Earth-observation satellite data can compensate for such shortcomings [11] . The present crop damage monitoring method pertains to the monitoring of natural disasters after their occurrence. However, continuous monitoring of potential natural disasters may be more efficient in reducing their impact on agriculture.
Although most other states in India are gradually moving away from their traditional agriculture-based economy and toward an industrial or service-oriented economy, Assam's economy is still heavily dependent on agriculture [12] . Assam was chosen as a study area because Assam's agriculture is primarily rain-fed and it lies lowland along the banks of river Brahmaputra, making it susceptible to flooding. Almost every year, Assam has recurrent floods affecting the crops and causing huge agricultural losses. The damage includes partial or complete loss of plants, increased plant disease, increased insect infestation, and delays in harvesting [13] . Assam has a total population of 31, 205,576 Census of India [14] . It is the 9th highest rice producer in India, 1 with approximately 60 lakh cultivators and agricultural labourers associated with rice production.
According to the Census of India (2011), the two districts chosen for the study have almost 48 lakh cultivators associated with agriculture. However, in recent data released by Pradhan Mantri Fasal Bima Yojana's official website 2 revealed that, in the crop year of Kharif 2017, only 1465 farmers from Assam benefitted from the prevailing crop insurance system out of the 51,550 farmers opting for crop insurance. This means that there are some drawbacks in the prevailing system, and we must come up with new methods to help the farmers in need.
Satellite sensors are able to detect change in a crop's spectral behaviour in different zones of the EMR due to any natural calamity, as well as a decrease in the chlorophyll level of the plant or any type of destruction in the plant anatomy or morphology [15] [16] [17] . Crop damage assessment using satellite images and geographic information systems (GIS) improves the quality and cost-effectiveness of the derived information by (1) increasing the accuracy of the derived result, (2) reducing the cost and (3) increasing farmer confidence in the estimation of yield results [18] .
Surface water change is critically important for studies on the land use/cover (LULC), climate, and other forms of environmental change in the world [19] . Surface water is a vital part of Earth's ecosystem and accurate and up-to-date information of the spatial distribution of surface water is the backbone for numerous scientific tasks, such as surface water inventory mapping, water estimation for drinking, and irrigation purposes and land use/land cover (LULC) mapping and change,and for this numerous water extraction algorithms have been developed and applied for remotely sensed imageries [20] .
Several spectral water indexes water have been developed to extract water body from remotely sensed imagery, usually by calculating the normalized difference between two image bands and then applying an appropriate threshold to segment the results into two classes (water and non-water features) [21] . McFeeterset al. [22] introduced the Feyisa et al. [23] proposed another multiple-band index called Automated Water Extraction Index (AWEI), which provides improved accuracy of surface water mapping by automatically suppressing classification noise from shadow and other nonwater dark surfaces.
Spatial mapping of agricultural damage could be utilized by farmers, insurance companies, and even meteorologists examining storm morphology and downburst severity. However, for spatial mapping to be useful in these fields, high-resolution imagery must be acquired for accurate storm damage detection and areal extent estimation [24] .
Assam is the ninth largest rice producer in India and their facing recurrent flood makes the nation's economy and agricultural industry extremely vulnerable. Securing crop production through insurance and monitoring the damage with the help of remote sensing will provide the necessary remedial measure to boost the agriculture of the state.
In this study, the vulnerability and risk assessment of recurrent flood and waterlogging in Assam were conducted. Multitemporal and multispectral satellite data were used to evaluate the area statistics and dynamics of waterlogging. Damage caused by natural disasters like flood to the crop has 
Materials and methodology
In this study, satellite images of Landsat 8, Landsat 5, Sentinel 1A and PROBA V were used for flood vulnerability and crop damage assessment. The list of data used is provided in Table 1 .
In this study, both optical and microwave data were used for flood vulnerability analysis. For the selection of flood years, El-Nino and La-Nina years have been demarcated. El-Nino and La-Nina are highly correlated with rainfall over the Indian subcontinent. When there is a La-Nina, flood may occur in India. According to the La-Nina data, the selected flood years were-1988, 1998, 2016 and 2017 because of the intensity of La-Nina and the availability of cloud-free data (over the study area). From the noted La-Nina years, flood analysis was conducted using various water extraction indices and then compared with the flood report received from Assam State Disaster Management Authority (ASDMA). In this study, three indices were used for the optical data: NDWI, MNDWI, and AWEI. The area inundated by flood for the years 2016 and 2017 was compared with ASDMA's flood report ( Table 2) .
The indices were applied to all optical data that was downloaded for the years 1988, 1998, 2016, and 2017. All data were collected during the monsoon season between August and September, and were in UTM projection in zone 46. Furthermore, the flood inundation has also been compared with microwave data acquired from the flood in 2016. The flood inundation from the microwave data was calculated using binarization of the image for a particular threshold value, which, in this case, was 2.8E-2.
The extent of crop damage was calculated using the PROBA V NDVI image pre-and post-flood. The data provided comprise the maximum value composite data of those 5 days.
Two images of the study area were downloaded and analyzed. The difference between the two NDVI images were then calculated to analyze crop damage.
Different damage categories were assigned to the negative NDVI values to determine the extent of damage due to flood (Table 3) . Next, a model was generated to prepare a risk map, taking the vulnerability and damage maps into consideration. The model was generated with the crop insurance parameters in mind. The regions where the crop is vulnerable and the damage due to flood is high will incur a high crop premium and insurance pay out. The input rasters were assigned weight according to the inundation extent and damage classes. The output raster was then classified into three categories: low risk, moderate risk, and high risk (Fig. 2 ).
Results and discussions 4.1 Crop vulnerability assessment
Crop vulnerability plays a very important role in crop insurance. Every year, crops are damaged due to natural disasters like flood, drought, and hailstorm. Flood and drought are the most costly natural disasters that threaten food security [25] [26] [27] [28] . If the crop of a certain area faces repeated natural calamity, it becomes highly vulnerable and susceptible to damage. The premium that has to be paid for a crop is directly proportional to the vulnerability of that crop. Morigaon and Nagaon are two major riceproducing districts of Assam, but face recurrent flooding. As a result, there is a huge annual loss in productivity of rice. The crop vulnerability in this study was assessed using both optical and microwave data. The use of microwave data is advantageous because microwaves penetrate cloud and produce clear data, even during a monsoon or cloudy weather. The performance of the various water indices for the surface water extraction was assessed for the entire area of investigation. The maps were generated using the standard threshold of 0 for all index maps. The threshold for microwave data was taken as 2.8E-2 by analyzing the logarithmic display.
Furthermore, the index maps were classified into four categories based on visual interpretation, followed by an area assessment of different years' flood inundation into the agricultural fields. The four categories were as follows:
1. Moist soil 2. Flooded fields 3. Flooded area 4. Permanent water bodies.
The area was then validated by, and compared with, the official report of the ASDMA. Results revealed that the crop of this region is highly vulnerable and susceptible to damage (Figs. 3, 4 , 5, 6; Table 4 ).
The area assessment data and the spatial distribution of all the years revealed that AWEI performed better in the removal of cloud particles (though present in trace amounts) than the other two indices. This is because of incorporation of the blue, green, and SWIR bands, which effectively eliminate the clouds and haze, and separate the surface water pixels. But the validation of ASDMA's cumulative flood report showed that NDWI performed the best with respect to the area of flood-damaged crop in the year 2016 and 2017, whereas other indices overestimated the damaged crop area. The data from 1988 and 1998 could not be validated due to unavailability of any official report. However, by comparing the data from 2016 and 2017, it can be assumed that the damaged crop area presented in the 1988 and 1998 NDWI is more accurate than the other indices (Fig. 7) .
The threshold value for water pixel extraction was measured at 2.8E-2. The damaged crop area depicted by microwave data was 650.288 km 2 , which was slightly overestimated ( Table 5 ).
The official report was the cumulative report from March to October. In the NDWI, there was a 30% underestimation, which is justified by a single incident in August. The microwave data can also be used because of its all-weather availability. According to the results, the area is very much prone to flood and is affected almost every year. Thus, the crops grown here are very much vulnerable to natural disasters, making farmers susceptible to substantial loss every year.
Crop damage assessment
When the major drainage system of the study area was demarcated, it revealed that the crop damage took place only along a buffer zone of the drainage of the area. The majority of crop was lost due to the flooding of these rivers as a result of excess rainfall. The crop damage assessment was only conducted for the year 2016. The flood in the year 2016 occurred on August 3rd, 2016. The pre-flood and the post-flood data were of 1 Aug 2016 and 11 Aug 2016, respectively. The post-flood data showed that a huge amount of crop damage occurred, because the negative value of the NDVI is extremely high. To obtain the crop damage, a differential NDVI (DNDVI) was calculated by subtracting the former data from the latter. The DNDVI was analyzed and classified to obtain damage classes. The negative values of the DNDVI were classified into four categories and a damage rating was assigned to them according to the increasing negative NDVI values. The crop damage was most significant along the buffer zone of the water bodies due to flooding. As the area is a very low lying, rain-fed agricultural area, flooding occurs very frequently due to a very slight overflow of the rivers and tributaries (Figs. 8, 9, 10; Table 6 ).
It appears that damage only took place along the vicinity of the water bodies. In the southernmost part of Nagaon, away from the tributary of the Brahmaputra, there was significantly less damage as compared to central Morigaon and the Nagaon border. The majority of crop that was damaged falls under the severe, moderate, and low damage categories. Thus, total crop destruction due to flood has not occurred. Only a certain part of the crop has been damaged, which may affect the overall productivity. Therefore, insurance can be paid out according to the damage occurred to the crop. 
Crop insurance model
The prepared crop insurance model was based on a crop risk map, taking a flood inundation map and crop damage into consideration. This model was prepared from the perspective of an insurance company. Before paying out the insurance and premium determination, the company must analyze a certain area's crop risk. The area's risk is calculated by overlaying the flood inundation map and its associated crop damage map. If a region has both high flood inundation and high crop damage, it is associated with high risk. It is possible for an area having high flood inundation to not have high crop damage due to flood. Therefore, a crop risk map is highly effective for the determination of insurance parameters ( Fig. 11 ; Table 7 ). The higher the risk of the crop, the higher the premium; and, consequently, the higher pay out from the insurance company in case of loss or damage due to a natural disaster.
Discussions
The results obtained in this study shows intercomparison between different spectral indices and also a comparison between optical and microwave data. For the current study area, NDWI proved to be better than the other two spectral indices whereas microwave data was the best for its allweather availability. Applying remote sensing for crop damage assessment not only proved to be accurate but also less time consuming and cost effective. While this study pertains only to flood damage assessment, this technique can also be applied to other natural calamities like drought, hailstorm etc. Analysing the risk map gives us scope for time efficient path for damaged area analysis and insurance payout policy framing.
Conclusion
A methodology for mapping spatial variations of flood inundation using optical remotely sensed image series was developed in this study. Since flood prevention, management and emergency response is an important issue for policy makers, flood detection using remote sensing can improve the number of monitored areas inremotely accessed places or in places without any monitoring program [29] . The results of this study revealed that Morigaon and Nagaon, two districts of Assam, comprise almost 50% of agricultural land of Assam. These two districts are called the ''Rice Bowl of Assam.'' However, these two districts face flood and drought in almost every La-Nina and El-Nino year, respectively. Analysis of flood vulnerability and crop vulnerability using various surface water indices concluded that, among all water extraction indices used, NDWI proved to be most accurate when compared with the official report of ASDMA. These results can vary in other cases and study regions, as they were very specific to the area under investigation. The MNDWI and AWEI overestimated crop damage area by 258% and 173%, respectively. AWEI was effective in removing the cloud pixels, which were only present in trace amounts. With an addition to optical data, flood inundation mapping was also performed using microwave data S1A. The S1A data also overestimated the crop damage area by 31%, which can be allowed for the purposes of scientific research. Overall, the results revealed that the two districts, Morigaon and Nagaon, are very much flood-prone, and the crop grown there is vulnerable. The crop damage assessment due to flood for the year 2016 inferred that flood wreaked havoc, damaging almost 1435.08 km 2 of agricultural area out of 2746.748 km 2 , which is almost 52% of the total agricultural area. However, total crop destruction did not occur; only a certain level of damage was incurred upon the crops. The area calculation of each damage class revealed that the very severe damage category covered the least area, whereas the largest area fell under the lower three categories, with low damage covering the majority. The major drainage system of the study area was demarcated and a buffer zone was generated to measure the extent of damage from the water bodies. Buffer zones of 10 km and 5 km were generated, respectively, from the main Brahmaputra River and its tributary. The flooding of agricultural fields has taken place in those fields which are in close proximity to the water body. Thus, it appears that, due to heavy rainfall, the overflow of these water bodies damaged the Fig. 8 Pre-and post-flood NDVI data depicting crop damage due to increased negative value adjacent agricultural plots and crop comprising them. The crop insurance model generated provides a very important factor for crop insurance determination. The crop risk map obtained from the model can be used as a prime factor in the insurance parameters determination, decision making, and company policy framing. The higher the risk of the crop, the higher the premium for that area, and the higher the insurance payout, if met with loss or damage due to a natural disaster. This academic method can be applied to the crop insurance market for various policies that are framed within this domain. The methodology presented in this study can also be applied to other, larger regions experiencing a similar and persistent problem. 
